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Trends In Recommended Illuminance Levels: An

International Comparison

Evan Mills (1) and Nils Borg (2)

Iluminance levels in perspective

Lighting design is in flux. One indication is that the
country-by-country comparison presented in this article
reveals very rapid changes in recommended illuminance
levels since the 1930s. Building on our previous work, in
this paper we compile and compare recommended
illuminance levels for selected tasks in non-residential
buildings in 19 countries, in the Americas, Western and
Eastern Europe, and Asia! We also present historic
trends where data are available and discuss the implica-
tions for lighting energy use. It is beyond the scope of
this paper to quantify differences between recommended
and actual illuminance levels, but it remains a fertile area
for future investigations.

In North America, and no doubt elsewhere, illumi-
nance level recommendations were originally intro-
duced with the intention of improving worker safety in
industry, productivity, and the learning environment in
schools.” In some cases these guidelines took the form of
mandatory standards. Many groups have an interest in
influencing the selection of light levels.

"Tremendous effort is invested in prescribing recom-
mended illuminance levels. The most recent edition of
the IESNA Lighting Handbook? for example, specifies
levels for approximately 250 interior activities in non-
residential buildings and about 300 specific industrial
applications, and a similar number of activities and appli-
cations are listed in the proposed European CEN Comité
Européen de Normalisation (the Western European coun-
terpart of ISO) recommendations.*

Assuming, for the sake of discussion, that all other
factors are held constant, changes in illuminance levels
have corresponding implications for energy use. This
article shows that changes over time are often quite
significant. For example, recommended levels in the for-
mer Soviet Union increased by a factor of ten or more
since the 1930s. Conversely, levels in many countries
have declined by a factor of two or three since the oil
crises of the 1970s.

Data collection

We collected current and historic illuminance data
directly from national sources, lighting handbooks, and
other published materials. The main activities and building
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types include offices, classrooms, retail stores, hospitals,
and manufacturing tasks. Except where noted, the values
represent horizontal maintained illuminance values.
Several sources report ranges; in this case we present
the ranges in tabular form and average values for the
diagrams.

It was challenging to compile the data, especially
historic values. Certain difficulties arose in comparing
recommendations for given tasks within and among
countries. Recommended illuminance levels tend to
become more rigorously defined over time, with incre-
asing differentiation among building types and tasks.
Some countries provide a very high level of specificity in
some areas and a very low level in others (e.g., 40 different
illuminance ranges for retail lighting settings in Japan
but only four for schools).” However, the contrary is also
true: The Dutch guidelines defer to the lighting designer’s
ability to draw conclusions from a few generic descrip-
tions of tasks and applications. The 1994 edition of the
CIBSE Guide for Interior Lighting does indeed provide a
long list of tasks and applications, but it also provides a
simple flow chart that helps the user select the appropriate
level by following a number of yes-and-no questions.®

Unusual categories for illuminance levels must also be
addressed in order to make comparisons. In the former
Soviet Union, separate levels for incandescent and fluo-
rescent light sources were published in 1959 and 1971.78
In 1959, incandescent recommendations were two to
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Figure 1— Range of recommended illuminance levels (19 coun-
tries). Note: values for hospital operating tables have been reduced
by 100x in order to scale to other values. Values of the black bars
reflect the extreme high and low endpoints of all national recom-
mendations for a given task. The shaded bars indicate the average
values of recommendations when they are expressed as ranges.
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three times lower than for fluorescents. In 1971, the gap
had closed somewhat. In 1979, only one level was pub-
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Figure 2a—-e— Time trends for illuminance levels for a selection of
countries. Where a given country’s standard for a given year is
expressed as a range, the central or average value is plotted. For
the period when the former Soviet Union published separate values
for fluorescent and incandescent light sources, these have been
averaged. For each country, the most current values plotted are
maintained or manipulated average illuminance. Historical values
may vary, as some countries expressed their standards in terms of
initial illuminance during earlier periods. The absolute difference
between initial and maintained illuminance is relatively small in
comparison to the changes exhibited over time in the Figures.
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lished. To choose another illustration, the German
Deutsche Industrie Norm for schools (DIN 5035, part 4)
has separate values for electric lighting and for electric
lighting in combination with daylighting.® Where the day-
light factor D is 1 percent or above in the most unfavor-
able working position, 300 Ix is required, whereas 500 Ix
is required if the daylight factor is below 1 percent.
Countries vary considerably in the frequency with
which they revise their recommendations. For a period
of more than four decades (1948-1990), Sweden' did
not change its recommended illuminance level for
general office lighting, while Germany’s" changed six
times. Belgium did not change its recommendation
between 1964 and 1992.% In Finland, the first recom-
mendations were not published untl 1971.

Results

As shown in Figure 1 and in Table 1, the comparison
of current maximum and minimum levels reveals a 5- to
20-fold variation for various office building activities
across the 19 countries; a 6- to 10fold variation for
schools; a 15- to 30-fold variation for retail stores; a 6- to
10-fold variation in hospitals; and a 25- to 40-fold varia-
tion among the manufacturing activities studied. The
more dramatic variations in each area include: reading
tasks, where levels ranged from 75 to 1000 Ix, detailed
drafting (200-3000 lx), patient rooms in hospitals
(30-300 Ix), testing and assembly of electronic compo-
nents (200-5000 Ix), and fine knitting and sewing
(50-2000 1x).

Belgium, Brazil,* and Japan have among the highest
levels for the activities and building types we examined.
Australia,”® China,’® Denmark, Mexico,” the former
Soviet Union/Russia, and Sweden have among the
lowest levels. The North American recommendations are
average in most cases, and the low levels in the three-level
recommendation are among the lowest of all countries
in a few cases.

Working Group 2 of the European CEN Technical
Committee 169 is developing recommendations
intended for use throughout Europe.” In most cases
the standard is within the range of current studied
national European recommendations, but a few coun-
tries will experience levels lower than their current
national recommendations while a few will see levels
being raised in some areas.

Figures 2a—2e present historic time trends. Almost
without exception, there is a steady increase in levels
from the 1930s to the early 1970s. Among the more
dramatic cases, the UK’s retail lighting recommendations
increased from 100 Ix in 1936 to 500 Ix in 1972. In the
former Soviet Union, general office lighting was 25 Ix in
1930, rising to 300 1x in 1979. In North America, recom-
mendations for chalkboard lighting rose from 150 Ix in
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Figure 2b— Time trends for illuminance levels (19 countries).

1938 to 1400 1x in 1972. Limited evidence indicates even
lower levels prior to 1930, e.g., 35 Ix for detailed drafting
in 1915.” The proposed CEN recommendations are indi-
cated in the figures, where applicable.

Table 1— Variation factor between highest and lowest recommen-
dation in 19 countries (based on Table 2)

CEN/TC-169
Proposed
19-country . 19-country Variation European
Low High Factor Guideline
Offices
General 50 1000 20,1 500
VDT Tasks 150 750 51 500
Desk 150 1000 7,1 500
Reading Task 75 1000 13,1 500
Drafting (det) 200 3000 15,1 . 750
Classrooms
General 75 750 ©o101 400
Chalkboards 250 1500 6,1 500
Retail Stores
Ambient 50 1500 30,1 300
Tasks/Till Area 100 1500 15,1 500
Hospitals
Common Area 50 300 6,1 200
Patient Room 30 300 10,1 100
Operating Room 300 2000 71 1000
Operating Table 100 1000 10,1 450
Manufacturing
Fine Knitting, 50 2000 40,1 750
Electronics 200 5000 25,1 1500
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After the early 1970s, however, the trends either
leveled out or changed direction. General office lighting
in Finland fell from 450 Ix in 1974 to 225 Ix in 1985.
Dutch recommendations for reading fell from 750 Ix in
1970 to 400 Ix in 1991.% Even very demanding tasks such
as detailed drafting work and reading the chalkboard
show reductions of 50 percent or more. The most
dramatic reduction was from 1500 Ix for VDT tasks in the
1972 IESNA recommendations to about 300 Ix in the
1993 recommendations. Australian VDT task recom-
mendations have also dropped precipitously from 600 Ix
in 1976 to 160 Ix in 1990.

Sometimes, such changes can be partly explained by
changing definitions that follow new concepts in lighting
design. As an illustration, Swedish office lighting (on the
desk) plunged from 1000 1x in 1970 to 300 Ix in 1992.
The 1970 values included reading and general desk lighting,
while the 1992 recommendations make a distinction
between desk and reading. However the differences
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Figure 2c— Time trends for illuminance levels for a selection of
countries.
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between the 1970 recommendation of 1000 Ix (includ-
ing the reading field) and the 1992 recommendation of
500 Ix for reading is still significant.

In Germany, Sweden, and the United Kingdom—countries
for which we have a long historic record—current levels
for some activities are comparable to those prevailing in
the 1960s and earlier.

The dynamic nature of illuminance level recommen-
dations is the result of a variety of factors. In part, the
trend reflects changing views about the amount of light
needed to perform a given task, but they also reflect a
trend toward more comprehensive lighting recommen-
dations when given within a context of other quality-
related attributes such as a glare index and color rende-
ring. In addition, economic considerations play a role.
For example, the commercialization of the fluorescent
lamp in the 1930s made it possible to dramatically
increase light levels without paying a corresponding
penalty in energy costs or excessive heat.

Energy Implications

The assignment and application of illuminance levels
represents an important intersection of lighting design
and energy analysis. In both fields, illuminance levels are
only one of the many relevant parameters describing

lighting systems and their performance. Yet in both
cases, illuminance levels serve a useful function in helping
to quantify the energyrelated service delivered.

Lighting energy use is a function not only of the
lighting level but also of the efficiency and utilization
factor with which that level is provided, spatial varia-
tion, and duration of use. The amount of electricity
required to produce a given lighting level can easily
vary many fold, depending on the efficiency of lamps
and fixtures, application of controls, and daylight
utilization.? Illuminance standards in many European
countries (e.g., Austria,® Germany, Netherlands,
Russia,” Switzerland™) require that most types of work-
spaces have direct access to daylight.

Field measurements of existing light levels and adjust-
ment of levels to comply with recommendations will in
many cases yield energy savings. This is evidenced by one
large survey of a major National Laboratory operated by
the U.S. Department of Energy. Of nearly 86,000 fluo-
rescent lamps surveyed, 32,000 could be delamped with-
out dropping below 500 Ix (Figure 3).* Another field
study conducted by the French Lighting Association
illustrated that improving sub-standard light levels need
not result in increased energy usage.” The French study
involved retrofitting luminaires in schools to achieve

Table 2— Data shown are for maintained horizontal illuminances, except in the case of chalkboards in schoolrooms, where vertical illumi-
naces are specified. In the North American IES recommendations, the middle of three discrete values is used. For IESNA, the case of
VDT lighting is more complicated as both “recommended” and “maximum” levels are specified; the recommended levels have not
changed between 1981 and 1993, but the maximum level was reduced from 750 lux to 500 Ix. The average of these two values is listed in
the table. For several countries that express their levels in initial lumens, maintained illuminance has been calculated using the mainte-
nance factor expressed in the recommendations. For Austria, Germany and Switzerland the “nominal illuminance” has been used. This
value describes a maintained average level over time, and is the level that closest corresponds to that of the proposed CEN recommenda-

tions’ maintained illuminance.

Czech

Australial® Austria?2 Be]gium12 Brazill4 Chinal® Republic35 Denmark36 Finland13 France37
1990 1984 1992 1990 1993 1986 AFE 1992 &93
AS1680.2-1990 Onom O 1040 & L13-006 NBR 5413/82 CSN 360450 DS 700 Finnish 1981 (schools}
IES 1997 (VDT)
Offices
General 160 500 300-750 750-1000 100-150-200 200-500 50-100 150-300 425
VDT Tasks 160 500 500 - 150-200-300 300-500 200-500 150-300 250-425
Desk 320 - 500-1000 - 150 300-500 - 500-1000 425
Reading Tasks 320 - 500-1000 200-500 75-100-150 500 500 500-1000 425
Drafting (detailed) 600 750 1000 3000 200-300-500 750 1000 1000-2000 850
Classrooms
General 240 300-500 300-750 200-500 75-150 200-500 200 150-300 325
Chalkboards 240 300-500 750-1500 300-750 - 500 500 300-750 425
Retail Stores
Ambient 160 300-750 200-1500 300-750 75-100-150 200 50-100 150-300 100-1000
Tasks/Till Areas 240 500 500-1500 - 100-150-200 500 500 500-1000 425
Hospitals
Common Areas 240 200 - 75-150 50-200 50-100 200 - 100
Patient Rooms - 100 - 100-300 150 100200 50-200 50-100 50-100
Operating Room 500 1000 - 300-750 - 1000-2000 - 1000-2000 300-1000
Operating Table - 20000-100000 - 10000-20000 - 10000-20000 - 30000-75000 20000-100000
Manufacturing
Fine knitting, Sev 800-1200 22000 1000-2000 750-1500 50-500 1000-2000 500-1000 - 850
Ecletronics: test 600 1500 1000-2000 3000-5000 200 1000-2000 500-1000 - 625-1750

~
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Figure 2d— Time trends for illuminance levels for a selection of
countries.

improved energy efficiency and illuminance levels for
desks, walls, and blackboards that met the existing stan-
dards. Field measurements in numerous schools
throughout the Former Soviet Union identified illumi-
nance levels below the standards in 70-100 percent of
school buildings.”

For some countries, reductions in recommended
lluminance levels over time may have offset to some
extent the past growth in electricity demand due to
increased floor area. For the future, the proposed
European-wide CEN recommendations could have a sig-
nificant effect on lighting energy use. For retail (ambi-
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ent) lighting, the proposed levels are 45 percent lower
than in France, 20 percent lower than Belgium’s average
recommendations, and about 30 percent lower than
Finnish retail task lighting recommendations. On the
other hand, the recommendations for VDT tasks are
higher than most current national recommendations.
One major problem in negotiating levels for VDT tasks is
that the lighting should be suitable for all tasks per-
formed at the work station, including reading and
writing with paper and pencil. The recent shift in the UK
from average to maintained illuminance will increase
energy use where higher wattage lamps are installed as a
means of achieving the recommended light level,
wherever nominal values in the 1994 CIBSE recommen-
dations remain unchanged. The proposed CEN recom-
mendations are also defined in terms of maintained
levels, even where they replace current recommended
average levels.

The presence or absence of task lighting is central to
the overall efficiency of illumination. The Japanese
illuminating standard provides very extensive guidance
on illumination levels required for specific tasks, inviting
designers to reduce ambient lighting to as little as one-
tenth that of the task illuminance. The Japanese
approach to articulating their recommendations facili-
tates the specification of task lighting by designers.

The changing nature of certain activities suggests
another potential linkage between illuminance levels
and energy use. A clear illustration is the increasing
importance of computers and VDTs in the workplace.
VDT5 have replaced the drafting table and many paper-

ble 2 (continued)— Comparison of recommended lighting levels (most recent year) [lux, horizontal-maintained])

Sweden United Usa Former I’roposed4
Gerrnamy9 ]apan5 Mexicol7 Netherlands20  Nutek!10 Switzerland24 Kingdom6 Canada3 Soviet Union European
1990 1989 Mexican IES 1991 199394 1997 1994 1993 /Russia’+23 Guideline
DIN5085  JIS9110-1979 (Proposed)  NEN 8087 Ljuskultur*  SLG/SEV IES/CIBSE  IESNA 1995 (draft) CEN TC -169
NSVV 1990 8912 1996
lices
reneral 500 300-750 200 100-200 100 500 500 200-300-500 300 500
DT Tasks 500 300-750 - 500 300-500 300-500 300-500 300 200 500
Jesk 500 300-750 600 400-500 300 300 500 200-300-500 300 500
‘eading Tasks - 300-750 900 400 500 500 300 200-300-500 300 500
Irafting (detailed) 750 750-1000 1100 1600 1500* 1000 750 1000-1500-2000 500 750
Ssrooms
reneral 300-500 200-750 400 500 300-500 300-500 300 200-300-500 300 300-500
‘halkboards 300-500 300-1500 900 500 500 300-500 300 500-750-1000 500 500
ail Stores
mbient 300 150-750 200 300 200-500* 500 500-1000 200-300-500 300 300
‘asks/Till Areas 500 ‘750-1000 600 500 500* 750 500-1000 200-300-500 300 500
ipitals .
jommon Areas 200 150-300 60 200 150 300 - 100-150-200 150 200
atient Rooms 100-300 100-200 60-200 150 150 100-300 30-50 50-75-100 300 100
dperating Room 1000 750-1500 600 2000 ‘750* 1000 400-500 1000-1500-2000 400 1000
Iperating Table 20000-100000 20000 14000 100000 - >10000 10000-50000 10000-500000 10000-100000
wfacturing 75 750-1500 600-1100 500 750% ‘750-1500 - 1000-1500-2000 - 750
ine knitting, Sev  1000-1500 1500-3000 - 1000 750-1000 750-1000 - 1000-1500-2000 - 1500
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based reading and writing activities. When the medium
is the computer, these tasks require less illumination
than when it is ink and paper. Table 2 shows that VDT
tasks correspond to lower recommended illumination
compared to drafting or reading tasks for most of the
countries studied.

Lastly, certain advances in energy-efficient lighting
technologies have relevance in discussions of how illu-
minance standards should be articulated. Historically,
assumed lamp lumen depreciation on the order of
20-30 percent is embedded in standards, and in how
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Figure 2e— Time trends for illuminance levels for a selection of
countries.
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designers interpret those standards. Today, new light
sources, such as 16 mm (T5) triphosphor fluorescent
lamps, experience minimal depreciation. Similarly,
dimming ballasts allow for automated lumen mainte-
nance over time. Such technologies reduce the burden
on illuminance standards to anticipate reductions in
delivered illuminance over time.

Fertile areas for further investigation include (1) using
illuminance level information to better understand
current differences in lighting energy use from country
to country; (2) integrating trends in illuminance levels
into forecasts of future lighting energy demand; and (3)
understanding how energy and other factors work together
to affect the choice of light-level recommendations.

Beyond the lux

An examination of illuminance levels provides only a
partial description of relevant lighting parameters and
their implications for visual performance and comfort.
The quality of illumination is a function of many other
factors, including horizontal vs vertical illuminance,
glare, contrast, color rendition, color temperature, and
flicker. In one relatively new discovery, researchers have
observed that perceived brightness is not simply a func
tion of the cones in the retina (photopic response), but
that the rods (scotopic response) also play an important
role by influencing pupil size (an indicator of brightness
perception). Berman found that light sources with equiv-
alent lumen production (i.e., according to the interna-
tionally accepted definition) yield very different pupil
sizes—the perception of brightness increases with color
temperature—and suggests the adoption of a new mea-
sure: pupil lumens based on proper weighting of the
photopic and scotopic response of the retina.® These
results complicate the problem of defining meaningful
measures of lighting services (both in terms of energy
use and illumination quality).

Further complicating matters, human beings differ in
their preferences for illumination intensity and quality.
Age, gender, time of day, time of year, and other factors
affect the desired illuminance levels. In addition, human
perception of “comfortable,” “good,” or “pleasant” lighting
does not necessarily correlate with the horizontal levels
that are optimal for task performance.” Recommen-
dations stated in terms of minimum luminances and
luminance variations of walls and ceilings also tend to
have an influence on the preferred lighting levels.* Yet
another important issue is the relative quality of fixed
versus fluctuating light levels. A review of the literature
on this topic indicates that more research is needed.”

Ideally, people should be able to choose the level that
suits them best. In the past this has not generally been
possible due to rigidities created by centralized control
of lighting systems, restrictions to 100 percent “on” or
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Figure 3— Illuminace levels often exceed recommended 50 fc on
work surface. Survey results from Oak Ridge National Laboratory,
From Kuliasha.”

“off” modes for luminaires, and wiring and control con-
figurations that preclude local variation in illuminance
levels. Fortunately, as technology becomes more flexible,
opportunities are created for more precise and individu-
alized control. Relatively new technologies such as
daylightlinked controls for artificial lighting systems,
occupancy sensors, hand-held lighting controls with dim-
ming options, and glazings with variable transmittance,
are opening up new possibilities for returning control of
lighting to the occupants of buildings. Nonetheless,
there will always be circumstances in which individual
control is neither practical nor cost-effective.

A trend has begun toward more sophisticated and
flexible formulations of illuminance and associated
lighting design recommendations. In many European
countries, glare criteria, and recommendations on color
rendering have been present since the 1960s. In others,
as in the most recent Japanese standard for office lighting,
glare criteria have only recently been introduced along-
side illuminance levels.” The current proposed Russian
standard specifies disability glare indices, and recom-
mended rates of luminaire cleaning, indices for all
lighting applications and color rendering indices and
color temperature ranges for industrial and residential
settings.” As mentioned above, various standards and
guidelines explicitly call for daylighting. There is also a
trend toward specifying illuminances for specific types of
activities rather than for types of architectural settings, as
well as a more holistic approach that combines task and
building lighting.*

Some of these trends demand more technical com-
petence on the part of the designer, while others give
the designer more freedom to interpret the standards.
The draft review proposal for CEN guidelines specifically
says that the guidelines are intended to be used in such
a way that they don’t impose restrictions on the

designer or on the process of technological innovation
to find better solutions. In any case, the role of lighting
design education takes on a greater importance.

Conclusions

Today there is no consensus among countries as to
the “right” light level for a specific task and building
type—even within a given country over time. The histor-
ical pattern has been an increase in illuminance by up to
a factor of ten until the early 1970s, followed by stabi-
lization or decline. It is likely that the turnaround was
driven by a combination of economic factors (increasing
energy costs), new perspectives on lighting design (more
light is not necessarily better light), and a pronounced
trend toward more precise focusing of light on specific
tasks (task lighting over ambient lighting). The current
tendency among countries is toward a convergence at
levels significantly lower than in recent decades.

Iluminance recommendations have large potential
implications for energy use and may explain differences
in lighting energy use from country to country. Before
this can be quantified, more research is required including
true in situ surveys of actual illuminance levels.

Many groups—including lighting manufacturers,
lighting engineers, electric utility companies, architects,
unions, and employers—have an interest in influencing
illuminance levels recommendations. It is also important
to note that many other countries—especially in the
developing world—adopt lighting recommendations
from Western countries.

In all probability, the future will see a more sophisti-
cated integration of energy and non-energy considera-
tions in lighting design. Although it has been a conve-
nient measure of lighting energy services, the “lux” is
only an approximate and incomplete indicator. What is
needed are sophisticated, quantitative methods (and
visualization tools) that can identify least-energy/maxi-
mum-quality lighting design solutions.

Acknowledgment

Particularly helpful information resources were Robin
Aldworth (UK), Lars Bylund (Sweden), David Loe (UK),
and Wim Sliepenbeek (The Netherlands). We would also
like to thank Peter Dehoff and Alexander Huber
(Austria), Peter Pertola (Sweden), Eino Hiltunen
(Finland), Paul Hoet (Belgium), Rafael Friedman and R.
Avila (Mexico), Michael Burg and Michael Seidl
(Germany), John Bullough (USA), Dominique Ouvrard
and Vincent Berruto (France), Vibeke Clausen
(Denmark), S.H.A. Begemann (The Netherlands and
CEN), Gilberto Jannuzi (Brazil), Yoshiaki Uetani (Japan),
Julian Aizenberg (Russia), Anthony Slater (UK), and
Bernard Aebischer and Christian Vogt, (Switzerland).

This work was funded by the Assistant Secretary for

JOURNAL of the Illuminating Engineering Society Winter 1999



162

Energy Efficiency and Renewable Energy, Office of
Building Technologies and State and Community
Programs, of the U.S. Department of Energy under
Contract No. DE-AC03-76SF00098 and the International
Association for Energy-Efficient Lighting (IAEEL),
Stockholm, Sweden.

Note: The submitted manuscript has been authored by a con-
tractor of the U.S. Government under contract No. DE-ACO3-
76SF00098. Accordingly, the U.S. Government retains a non-
exclusive, royalty-free license to publish or reproduce the published
form of this contribution, or allow others to do so, for U.S.
Government purposes.

References

1. Mills, E. and Borg. N. 1993. Trends in recom-
mended lighting levels. Lawrence Berkeley National
Laboratory Report No. 34565.

2. Osterhaus, W.K.E. 1993. Office lighting: a review of
80 years of standards and recommendations. Proceedings
of the 1993 Institute of Electrical and Electronics Engineers
(IEEE) Industry Applications Society Annual Meeting.
Toronto, Canada.

3. Illuminating Engineering Society of North
America. 1993 Lighting Handbook, 8th Edition, Rea, M.S.
ed. New York: IESNA. [Values for previous years taken
from the IESNA Handbooks (for 1947, 1952, 1959, and
1972, 1981, 1987) and from Osterhaus (1993)].

4. CEN European Standard. 1996. Lighting applica-
tions— Lighting of Work Places. Review draft as of July 1996
(prEN 12464:1996E). English version. Brussels, Belgium.

5. Japanese Standards Association. 1979. Japanese
Industrial Standard: Recommended Levels of Illumination: JIS-
Z-9110-1979. Official translation to English prepared by
the Japanese Standards Association. Updated in 1992 for
office illumination only.

6. CIBSE 1994. Code for Interior Lighting (1994),
Lighting Division, London, UK. Values for previous years
taken from CIBSE and UK IES recommendations.
Current and previous values as quoted by former CIE
President Robin Aldworth (personal communication
with filled-table, June 1993. Table kept at authors).

7. Aizenberg, Y.B., Myasoedova, EI. and Fedyukina.
G.V. 1995. Several New Concepts in the Illuminating
Engineering Chapter of the Draft SNiP Rules and
Standards. Light & Engineering 3 (no. 4): 29-39. [Values
for operating rooms and tables from Aizenberg (private
communication)].

8. Aizenberg, J. 1993. All-Union Lighting Reserach
Institute, Moscow, Russia. Private communication.

9. Deutsche Industrie Normen, DIN 5035 from the
years of 1935, 1953, 1963, 1972, 1979, and 1990 (cur-
rent). The most recent values for schools (1983, DIN
5035-4) and hospitals (1988, DIN 5035-3) as quoted by

Winter 1999 JOURNAL of the Illuminating Engineering Society

Dr. Michael Seidl of the German IES, Berlin.

10. Current recommendations (1997): Ljuskultur
(Swedish Lighting Trade Organization, Belysnings-
branscherna) and Swedish IES recommendations as of
1990, and NUTEK Department of Energy Efficiency’s
Lighting Design Requirements for Offices, Schools,
Industry and Hospitals (in four separate volumes, all
1994). Historic values from 1974 and 1984 taken from the
Ljuskultur lighting level recommendations and from
1931/32, 1948, 1953 and 1968 from Swedish IES recom-
mendations.

11. Germany. Op cit.

12. Current NBN L 13-006.(1992). Values for 1964
from Belgium standard NBN 255.

13. Finnish IES 1986 recommendations, as quoted by
Eino Hiltunen, Pelk OY Consulting Engineers Light and
Energy, Helsinki.

14. Associacao Brasileria de Normas Tecnicas. 1990.
“Illuminancia de interiores: standard.”

15. Australian Standard AS1680.2-1990.

16. Fu Min, G., Mills, E., Zhang. Q. 1997. “Energy effi-
cient lighting in China: problems and propects.” Energy
Policy 25(no. 1): 77-83.

17. Mexico— No official standards currently exist for
Mexico. Values shown represent the standard currently
proposed by the Mexican Society of Illuminating
Engineering (Soc. Mex. de Ingeneria en Illuminacion).

18. Op cit. CEN.

19. Osterhaus, Op. cit.

20. Netherlands— Current recommendation is NEN
3087 (NSVV). (Current recommendation is for main-
tained lumens; former recomendations were for initial
illuminance.) 1966 and 1981 values from NSVV/NEN
recommendations.

21. Hartmann, E., Keil Verlag, Ludwigshafen, Germany.
1977. Optimale Beleuchtung am Arbeitplatz (Optimal
Lighting of Work Spaces).

22. Onorm O. 1997. As quoted by Mr. Peter Dehoff,
Zumtobel Licht, Dornbirn, Austria.

23. Russian Federation Construction Standards and
Rules: Daylight and Artificial Lighting. SNiP 23-05-95
(Draft to replace standard SNip I1-4-79). Published in
Light & Engineering, New York: Allerton Press, Inc.; 1995.
3(no. 4):1-28.

24. SLG/SEV 8912 (1 February 1992) recommenda-
tions (Swiss IES and Swiss Association of Electrotechnical
Engineers), as quoted by Christian Vogt (July 1997),
Christian Vogt Ingenierbiiro fiir Lichttechnik,
Winterhur, Switzerland.

25. Kuliasha, M.A. 1994. “OBTS Annual Review
Briefing: Energy systems in-house energy management
program.” Oak Ridge National Laboratory, U.S.
Department of Energy.



26. Fontoynont, M., 1993, Monitoring of the renova-
tion of lighting of 20 classrooms in the RhoneAlpes
region, France.” Proceedings of the Lux Europa Conference, p-
907.

27. Aizenberg, J.A. 1982. Evaluation of artificial
illumination in schools. Svetotekhnika (Light &
Engineering), 1:24-27, Moscow (in Russian).

28. Berman S. 1992. Energy-efficiency consequences
of scotopic sensitivity. JIES. (Winter)

29. Smith SW. and Rea M.S. 1980. Relationships
between office task performance and ratings of feelings
and task evaluations under different light sources and
levels, Proceedings of the CIE 19h Session, Kyoto. Japan.

Publication no. 50:207-211.

30. Loe D. L., Mansfield K. P, Rowlands E. 1994. Appea-
rance of lit environment and its relevance in lighting
design: Experimental study. Lighting Res Technol 26(3):119-
133.

31. Leslie R. P. and Hartleb S. B. 1990. Human response
and variability in the luminous environment. Chartered
Institution of Building Services Engineers, Proceedings of the
National Lighiting Conference, Cambridge, UK.

32. Japanese standard op. cit

33. Russian Federation Construction Standards and
Rules: Daylight and Artificial Lighting. (op cit).

34. Loe D. L. and Rowlands. E. 1996 The art and
science of lighting; A strategy for lighting design.
Lighting Research and Technology. 28 (4) 153-164. CIBSE,
London. UK.

35. Czech Standard CSN 360450 as quoted by Dr.
Vladimir Dvoracek, Technical Director, Tesla Lighting,
Prague, Czech Republic.

36. Danish Standard DS 700. 1997. As quoted by Hans-
Jorgen Jacobsen, Director, Philips Lys, Copenhagen,
Denmark.

*87. French Lighting Association (AFE). 1993. recom-
mendations for workplaces (hospital lighting currently
under revision, 1981 recommendations provided). VDT
lighting, AFE 1997 and retail lighting AFE 1992. All
values as quoted by Vincent Berruto, ENTPE, Vaulx-en-
Velin, France.

JOURNAL of the Illuminating Engineering Society

163

Winter 1999




